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‘ of the support packages, and the requirement for the user to :1 ;
become familiar with different models, concepts and 7
vocabularies is a barrier to reaching higher effectiveness.
The premise is that these common support systems have
equivalent functions and a large intersection of operations

that can be integrated. It is the purpose of this thesis to

study a possible Integrated Application Software System

(IASS) that will combine the needed capabilities into a

functional system and present the user with a single data

model and vocabulary set. The data model which is proposed
for use by the IASS is the relational data model, since it
is universally understandable, and has a robust theoretical “

foundation.
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3 ABSTRACT
| )

As increasing data processing pover becomes available at

? decreasing cost, greater numbers of nontechnical vpersonnel

a SN

are gaining access to automated systems that enhance their
productivity. However, the sharp distinction between each
of the support packages, and the requirement for the yger to
become familiar with different models, conceots and
vocabularies 1s a barrier to reaching higher effectiveness,

The oremise s that these common supoort systems have

o e

f% equivalent functions and a larae intersection of opervations
o that can be {ntegrated, It is the purpose of this thesis to
study & vossible Integrated Aprvlication Software Svstem

(IASS) that will comdbine the needed capadbilities into a

functional system and oresent the user with a single data
model and vocabuylary set, The data model which {3 proposed
for use by the IASS {s the relational data model, since (it

is universally understandable, and has a robust theoretical

fsundatioen,
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I. INTRODUCTION

The utilization of computers in wsany areas, such as
personal computing or office and manufacturing automation,
is repidly expanding. No longer {s their use being
relegated to syoport opersonnel, but (s soreading into the
ranks of lower and middle level management, The majority of
such users are non-computer professionals who are conming to
depend on the computer to dProvide a supnort capability in
the accomplishment of their primary rasponsibilities,

Over the past years, numerous sgoftware packages have
been made available to support a broad spectrum of users in
varving environments, Capabllities such as word orocessing,
gatabase management, modeling, form qeneration, and

; electronic mail have become esgential, The point to be made
is that the original purpose of {ntroducing the computer was
to increase the effectiveness and efficiency of the
organization, wntl? the present performance of each support
packaae is satisfactery, the manner {n which they are
presented to the user {3 not, As {llustrated in Figure 1,1,
each support system is typically disjoint from all others,
and the user is presented with differing models., command
vocsbularies, and operating instructions. This nene
integrated cospinetion of application softwvare requires a

qreat deal of effort on the part of the user ¢to become
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tamiltiar with a new system and remember it along with the

other systems that are used,
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Figure 1.1 = Di{sjoint Support Systems,

v

What is needed to increase productivity {s an {ntegrated
systemn that combines the capabilities of ¢the support
packaaes {nto a system which presents the user with a
sirnale, yet easy, conceptual data model and vocabulary set,
It {s such a system that {s called an Intearated Aoplication
Sottware System (TASS), and the purpose of this thegis is to
develop a desgign for its implementation, It (s {moertant to
emphasize that the JIASS s not buyilt around the already
existing spplication programs, but the Treverse. Given an
IA88°s common user Iinterface and conceptual level, the
designer will evaluate each arolication and desian a new
application program to capitalize on the IASS capabilities,

The design objectives for the IASS are:

(1) Ensure & high degree of user friendliness and

emphasizZe simplicity.
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(2) Minimize the initlial and acquired user skill level
necessary to gain major functional use of the systen,

(3) Minimize the 1learning time recquired to gain
funetional use of the system,

(4) Present a loaical interface between each of the
IAS8°s cavpadbllities, but minimize the explicit user
navigation between them,

(S) Determine the largest intersection of functional
cavahilities for the {ndividual application procrams and
{ntegrate them into 3 common conceptual level,

(8) Develor as small a command vocahulary as possible
at the user ({nterface, Ensure that these commands form an
intersection of the aoplication program commands, and are
congistent between each of the apolications,

(7) Eliminate the dependence on user proaramminag in
order teo use the systenm,

(8) Embody the notion of software adaptivity whereby a
user, already familiar with at least one application i(n the
IASS, can learn & new application by studying only the small
increment of new commands and functions that are specific to
the new apolication,

(9) New acelications, not oriqginally considered in the
original IASS, are implemented by adding a small {ncrement
of functions and commands to the IASS,

(10) Allow for the ({interaction of the included

applications {n support of each other,




While the IASS cannot be expected to completely
integrate the separate features of each support package, it
coﬁ strive to maximize the intersection between them, Figure
1.2 shows a simple illustration, in Venn Diagram form, of an

IASS,
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Figure 1,2 =~ IASS Support Package Intersection,

In the following chapters the basis of an IASS desgign

will be Aiscussed, Chapter 2 will describe a selected aroup

of currgntlv suecesstul aoplication support programsgs that

will be considered for integration into an IASS, Chapters 3

and ¢ vill cover the conceotual level of the IASS which is
fnvigible to the 4“!0?. Chapter 3 discusses a common 4ata
object for the IASS, and Chapter 4 the conceptual level
overations allowed on i{t, Chapter $ covers the use of the

conceptual level by the included aprlication programs.

Cheoter 6 covers how the user will interface to the IASS,

finally, Chapter 7 presents the conclusions that can be hade

from this 1imited study of an IASS,
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IT. DESCRIPTION OF SUPPORT SYSTEMS

In order to demonstrate the applicability of an
Integrated Application Software System (IASS) and ({ts
conceptual level intearatien aporoach, six common Software
aoplications were selected, The aoplications were chosen
based on thelir verceived effect {n supeortina an office
based user,

a, Text Editor

b. Word Processor

c. Relational Database Management System

d. Tlectronic Snread Sheet

e, Forms Generator

£, Clectronic Mail

AsS a none-intearated collection of application software,
each of these packages is imolemented to accomplish a set of
overations on a specific file tyoe, and the set of included
overators s tqilored for that tyve, Commands are not
usually transferable hetween applications and the
application vocabulary is very "baroque” {n that most of the
operators exist as a matter of convenience to the user, Too
often it s a very small opercentace of the overall
vocabulary that is used over ninety percent of the time, The
majority of users only learn a subset of the vocabulary

necessary to accomplish the essential tunctions of the

application package, and disregard the rest,

11
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Representative commercially available softvare packages
corresponding to the six selected application types vere
revieved to determine the nature of the pertinent file tyves
and the essential functions required of the application, The
¢olloving sections will present the results of this review

as they apply to each appolication package,

A, TEXT EDITCR

The purpose of a text editor {s to precare a text file
in an aoprooriate form for use by & subsequent process,
"WORD STARP", and the "VI" and "EDIT" systems for UNIX were
analyzed, These systemg are described {n Aornendices (1),
(2), and (C).

The text editor can be divided into tive major
functional categories of commands which are supported;
<Create>, <Insertd>, <Moadity>, <Delete>, <Move>, and
<Retrieve>,

1. Creation

A facility used to degine an empty file into whienh
the text will be entered, This involves a directory entry
of some tyoe, the allocation of storage space, and the
creation of a buffer area,

2. lnsertion

Done an object at a time in relation to some
referenced point in the text file, 8such as the cursor

position, It 4is ovossible to insert any object at a

12
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specified voint., Insertion is nonedestructive in that the

object is inserted between existing contents, vithout

overwriting, The object to be inserted may be entered by
the user, come from 8 buffer, or cone from another file,

3., Modification
- In relation to some referenced point {n the text
file the current contents are altered ., Modification is
b destructive in thatﬂthe current contents are destroved by
writing over them, Glohal modification s possibhble,

4, Deletion

In relation to some referenced point n the text

tile an object of any qranularity level {s removed, Global
deletion s possibdle,

5. Movemant

The current point of reference in the text file 1is

»
AT e L

changed to meet the desires of the user, Control of

]
i’
&

movement {s possible at any object level, The user should
have the capability to move to & predefined location or to a
1 location that meets some condition,
6. Retrieval
While not directly resvonsive to user retrieval
commands, the text editor supports the user by displayving

the local area around the point of reference, In a general

AN T P AR a1

sengse ¢this is & desired retriaval of text from the file,

Retrieval is sutormatically done for the user when the point

13
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of reference changes to ensure the user can estadblish the

eontext of the coint of reference,

8, WORD PROCESSOR
Files prepared by a text editor can be processed bdy a
Wwerd Processor (WP), "WORD STAR", an oneline WP, and "NROFF
=ME", a WP for the UNIX oocerating system, were analyzed,
These two svstemg are described in Appendices (A) and (M),
Currently there are two aovproaches to word processinal

(1) OffeLine Forwmatting, Invadditien to the actual
text in the edited file, a combination of special
characters, and characters strings, can be embedded i{n the
text file for wuse by the WP, These special embedded
charaecter strings are commands used by the word processor to
produce the degired orinted format of the text file, This
requires a two step procedure by the yser, The user ¢£irst
visualizes the desired format of the output and then
translates {t into & combination of the actual text and the
embedded WP commands, The text file {8 then orocessed by
the WP, This is a level of indirection that delays feedback
to the user as to the effect of a command,

(2) On=lLine PFPormatting, In this case, vwhile nost
of the WP commands are still embedded {n the text file, they
are immediately executed, As the user inputs the text, it is
displayed on the screen in the desired format, The user
theredby receives immediate fpedback as to the effect of

formatting commands, Hovever, the problem of the display

14
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format being bigger than the display dimensions {is a
problea, if only & minor one,

The WP, unlike the other application packages, does not
directly menipulate a data object in the course of {ts
operation, Instead, {t {ntercents a stream of data from the
data object and alters the display format prior to output,
For this reason is seems logical to consider the WP to be a
oart of the editor =« the apoplication onackage that

ranipulates the data object upon which the WP devends,

Ce DATABASE MANAGEMNENT SYSTEM

Data is simply symbols which are stored, In and of
itself, a datum has no significance, However, when coupled
to an entity, the class of a datum becomes an attribute of
the entity and the valuye of the datum can be used as
information to describe an instance of the entity, When
data {s stored in a computer {t {3 known as a database, To
transform the rav data into an abstraction suitable for a
person to use and/or modify is the major function of a
Database Management System (DBMS), In a sense § DBMS acts
88 an {intervreter between the user and the computer, It
interorets user statements describing what {s to be done
with the database {nto the lowver level algorithas necessary
to perform the operation on the conceptual and eventually
the Physical representation of the data in the comnuter,

Fros the Derspective of the computer, the DSMS translates

18
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the vphysical implementation of the data through the
conceptual representation to the appropriate user view, In
this way the DBNS provides two levels of data independence,
Dats independence implies that modification can be made to
the ({mplementation of the data vithout affecting the logic
of the application programs, Data independence between the
conceptual schema and its ohysical implementation allows
changes to the ohysical ({implementation of the conceptual
schema while permittinag aoplication programs to run as if no
change had occurred, Similarly, data {ndependence between
the econceptual schema and & user view allows changes to bhe
made to the conceptual schema while permitting aoplication
proarams to run as i{f no change had occurred,

Ir addition to the data management function, a DBMS also
provides functions to ensure system inteqrity, Towards this
end a DBMS enforces database security constraints, The
security facility ensures that unauthorized access ta data
is not allowed, A DBMS typically ensures that the reasuired
properties of data are quaranteed, These properties cen be
either syntactic, that {s structural, or semantic, for
instance centained within a specified domain, A DBMS
typicelly provides a mechanism to protect the datadase from
a system ecrash by reqularly making hackeup cobies of the
detadbase, In the event of a system crash, a DamMs typically
provides a fecility to restore the databese to a previously

consistent state, Finally, Iin & nult{-user environment, a

16
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DBNS typically provides a synchronization mechanism to
protect the database from inconsistencies which might result
from sinmultaneous aeccess to a database, especially {f one
access entalils a change to a shared data itenm,

“DBASE II" and  "SEQUITUR" were revieved as
representative relational data base rodels and are described
in Appendices (FE) and (F), A relational D8MS was selected
as an IASS conceptual database model due to its tamiliar and
universally understood data object, the relational table,
The basic organizational unit in the relational table i{s the
nared and domained field. A record of arity "n" {in the
relational table contains n fields, each containing a value
from its domain. A relational teble (s the next higher
level of oraanizational abstraction, The overall schema of
the relational table {s definead bv pnysical properties of
the fields and embodies the relationsnip which i{s defined by
the field set,

A DBMS can be logically divided {nto three functional
parts = data definition, data manipulation, and aqguery
retrieval, These parts can be further refined i{into the
gtunctional operators <Create>, <Insert>, <Modify>, <Delete>,
<Move>, and <Retrieve>,

1. Greagion

The existence of o relational tadle is typically due
to a need percei{ved by the user to organize data., Creation

{8 therefore the process by whiech the relational tabdble (s

17
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defined in a database by its identity and comsposition, The
existence of the table is noted {n some tors of a database
table directory, The composition of the tabdle Adefines the
schema of the relstional table. Modification of a user
defined table can be viewed as a special case of creation or
re=creation, A table name can either be changed or the
schema redefined, In addition to these explicit methods of
creating relational tables, {mplicit methods also exist, As
a result of the relational coeration JOIN, a nev relational
tadble can be created., The method of naming the new
relational table is implementation specitic, The composition
of the table, however, is derived from the schema of the
operand relational tabdles.
2. Irgertion

Ingsert {s & component of the get of data
manipulation overators. The action of an {nsert {s to place
a record into the relational table. The origin ¢t the record
to be inserted is i{rrelevant to the operation, The effect of
the operation is that a nev relational table {s derived from
the old relational tadble, order not being significant,

3. Nedificetien

Modify is a component of the gset of data
manipulation oteraters, The action of a medity is to chanae
the data in & field, DBNE°s tyvically do net restrict the

origin of the nev data to what the user supplies at a

10
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terminal but can be &as & result of evaluation of expressions
or derived from other relations in the databdase,
4. Deletion

Delete s a compaonent of the set of data
manipulation operators and is in fact the inverse operation
of insert. The action of delete is to remove a record from
the relational table, the final disposition of the deleted
rTecord is immaterial to the operation, A delete overation is
typically a two step process, A record is first marked for
deletion and then explicitly removed from the tanle,

S. Movenment

The movement operator can be viewed either as a
passive data manipulation overator or a query retrieval
orerator, Movement encompasses the process of changing the
surrent point of reference {n the database, The yltimate
destination {s determined ¢from manipulating data in the
4atabase or as a direct result of a query on the database,
The pvoint of reference can be of any orqganizational
abstraction fror an entire relation to an individual
character in a field, T™his range in movement {mplies that
this operator subsumes the theoretical relational algedra
operators PROJECTION and SELECTION, Movement is a required
ooerater in order to scan and extract information from, or
in conjunction with, the serformance of any of the other

eoerations on the database,

19
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6, Retrieval

Retrieve is exclusively & query response operator,
The condition of a query specifies the information to be
extracted or derived from a database, A aquery can be ({n
many forms. Traditfonally & query facility is embodied in a
specialized lanauage vwhich the user employs to extract
intformation from the database, In this simplest form, &
query is eaguivalent to the relational algebra PROJECTION
operator possibly following the SELECTION ovperation on the
referenced relation, Queries can exist in subtler torms,
Novement through a database can actually be the result of an
underlying, implicit retrieve operation, Some uses of forms
embody & retrieval operation as they extract information
from a database to derive its contents., FReports also embody
the retrieve operator in the same way as a form, From the
databaze, inforratioen is retrieved and disolayed in a user

specitied tormat,

D, ELECTRONIC SPREAD=SHEET

An Clectronic Spread=Sheet package provides an important
nuserical modeling capability to the user. This spplication
provides the user with a piece of "electreonic" sgeratehvaper
tor doing fairly complicated numerical ptoblems, and models
that are of e recurring nature., Instead of reaching for
pencil, vaper, and calculator esch time, the user will call

the electronic spread sheet and Dby entering the needed
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values cause the spreadesheet to eonbloto the
calculation/model, It compliments the inclusion of the word
or.lessor and database management syster in the IASS., The
commercially available "VISICALC" system was revievwed, and
is described in Appendix (G).

Spread-sheets are commonly divided into addressable
(rew,column) entry positions, similar to a checkerboard, and
are used to grachically disolay numerical data in a tabular
format, A small oportion of the spread-sheet (s usually
visible on the screen at any one time and the user must use
windov and screen commands to move across the entire sheet.
Each entry position is an independent entity and can contain
any of the data types = character, numeric, or function,
The contents of an entry position can be expressed 1{n
relation to the value of a previous entry position,

- System operations consist of <Create>, <Ingert>,
<Modify>, <Move>, <Delete>, and <Retrieved>,

1. GCreage

The user initializes a data storage structure for a
nev spreade=sheet, The dimensions for the nev spreadegheet
are initislized and all entry pvositions are set to null
values.

2. Ipgertion

Given an slready existing spreadesheet, the user
adds a new colusn or rov to the soreadesheet a8t an indicated
location, This enlarges one of the spreadesheet dimensions
by one,
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3. Modification
Change the current value {n an existing entry
position to a new value or function, _
4. Deletion
Given an already existina spreadesheet, the user
deletes an entire column or row from the spread=-sheet at an
indicated location., This will reduce one of the spread-
sheet dimensions by one,
S. Movement
Allows the user to view the contents of the entire
spreade=gneet through the limited dimensions of the screen
disrlay by permitting the user to maneuver the screen across
the spread=gheet,
6, Retrieval
The tabular display of the spreadesheet on the
user’s screen is the result of a predefined retrieval from
the stored reoregentation, As changes are nmade to entry
positions and they, in turn, effect other entry positions,
the tabular disnlay is kept updated by automatic retrievals,
Additionally as the user moves, Or alters, the window into
the spread sheet nev information must be retrieved to nmeet
the changed request, The user cannot specifically ask for
information from the system, but instead accepts the sinale
retcieval the soread=sheet Dpackage vas designed to

autonastically produce,
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€. FORMS GENERATOR

By detinition, a "fors® {is a oprinted document with
planks to be f£illed in, and "formet" i{s the arrangement, or
plan, of a presentation, Traditionally, & document {8
assumed to be a piece of paver, and the input device used to
place values onto the document is the human,

In the Electronic Data Processing (ZDP) environment,
these notions are generalized to where a document can also
pe derived from, or stored into, a datadbase or data file,
Regardless of the semantic generalizations {ntroduced by
EDP, the loaical view of a form, as well as {ts function,
remain the same, A form is used as a template to disolay
intormation and/or collect a set of Adata, A ferm s
distinguishable from a reocrt in that a form reareslnézionly
one instance, or s coalescence, of a set of data elements.
The creport contains the form as a special case, hut reoeats
it for each instance in the set of data elements,

A Form Generator is 8 utility to assist ¢the user in
designing a displayable form at "design-time"™ and employing
it at “use~time®., Since creation and use times are
different, the designetime di{splay nust represent the use-
time display of the form as closely as possible, Froem the
design the Fors Generator must translate the visual
specitications into the aporopriate representation gfor use
by the displey function at use=time, In sddition to the

physical layout of the displayed ¢gorm, the design and
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internal representation nmust contain information regarding
the value association or derivation at use-time, The DBASE
IT form generation facility, and the separate “ZIP" screen
oriented form generator wvere gvaluated and are discussed in
Appendix (H),

The designe=time environment includes both {nitial fore
desian and design modification., Form design is done by use
of an ed{tor and an onwscreen capability 1is essential to
achieve desjian=-time and use~time visual proximity, The
edirar could be an integral part of the form generator or
separate, Value association {8 not done by <the form
generator directly, The user states the value association
of a "block"™ {n terms of the use=time function which must
evaluate the "block"” values,

The orocess of form generation entails describing both
the display features of a "block™ in the form and the use=
time association, The functional 1ist of operators to
suoport a form generator are <Create>, <Insert>, <Modify>,
<Nelete>, <Moved>, and <Retrieved,

1, Ggreation

Creating a new form entails naming the gorm and
naking {t known to the rest of the system for use, Only the
ewpty structure 1s crested and will require the user to

enter information inteo 1itc,

24




TIINL L s R T

2. 1Insertion

The user adds a new "block" to the form by
specifying 1{ts characteristics. Characteristics may be =~
position, prompt, input/gutput, tyoe, and processing
intormation. A groupinag of these "blocks” will make a form,
Actual "bloek™ specification and addition is done throush a
level of {ndirection where the user draws the "block(s)" on
the screen and the system determines the oarameters
necessary to make the form, '

3. Modification

The user changes one or more of the characteristics
of an already existing "bloek",
4. Deletton
The user removes an entire "block" from the farm,
S5« Movement

The user has a point of reference within the aiven

form, At any given time some "block" {s the voint of

reference, and commands are available for the user to move
this ooint of reterence,
6. Retrieval

The user desires to see the format in which the form
will be displayed Dbdoth at design=time and run=time, The
retrieval operation (s aeutomatic and translates the
intormation stored In the form’s structure inte the
appropriate Aisplay. Actual desicn and moedification of a

gorm. is done onr this display and the form aenerator
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determines the additional information it will need to

recreate the finished form on demand,

Fo ELECTRONIC MAXYL

Electronic Mail is a facility for sending messages from
one user to another. The "MAIL" system used by the UNIX
operating system was reviewed and a descriotion {s aiven 1in
Appendix (1),

An Flectronic Mail system yuses a oredefined megsage form
which contains information, such as destination, subjece,
and main body, Once created, the messace s sent to the
destination where it {s placed in a message file, called a
"mailbox", for readina, The major functional operations iIn
a mail system are <Create>, <Insert>, <Modify>, <Delate>,
<Mgovement>, and <Retrieval>,

1. Creation

The system aenerates an empty message form which the
user £ills in,

2. Insertion

Messages are inserted into the various mailboxes
that the mai{l system maintains, A message (s sent to
another user by storing it {n the system mailbox,

3. Modification .

Megssaqes are initfally ereat;d with no values in the
message form, Composing a message therefore, entails making

modifications to the null parts of the message,
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Modifications can also be made to a message any time during
composition, betore sending it to its destination, Finally,
tields in a message may be modified by the recipient, in
order to retransmit the message,
4, Deletion
8y reviewing messages from the system mailbox, they
are deleted from the system mailbox and placed into a local
area, The user mav delete messaces from the system or local
majilboxes at any time,
S, Movenment
All the previous commands are performed in relation
to a point of reference, The point of reference (n a
majilhox can be changed by the user ({n order fo browse
throuqgh the messages, or edit them,
$, Retrieval
Reading a message is done by retrieving the contents

of the message fields and displaying them to the user,

In review, Chanpter 2 has shown that a qeneral
commonality exists between the functions of the qiven
applications, This commaonality has been prasented as the set
of six command cateqories ~ <Create>, <Insertd>, <MNodifty>,
<Delete>, <Move>, and <Retrieve>, The following chapters

will lead to an integration based on this commonality,
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I1I., THE COMMON DATA OBJECT

The key to achievina an {ntegrated system which can
support formatted and unformatted data 1is to map the logical
file tyves associated with the applications, {nto one
conceptual data object, This conceptual data object is then
part of a model of thes applications and their use, The
functional intersectikn of onerations on the files can be
implemented by a sinale set of orimitive conceptual
overations on the comﬁon data aobject,

The TASS mus¢t rebéesent each of the loqgical file tyves
associated with thefincluded apolications {n such a way as
to support the eslential functions of each apnolicaticn, The
data object chosen %or this IASS desigr is the table, The
table {s & natural mt#hod of oraanizing data and therefore
should be undcrstaniable. even by najive users, A table is a
tvo dimensional arrn# containinag rovs and columns, The IASS
uses the table to represent a "resleworld" entity, Each
column represents one attribute of that entity and each row
represents a uniquﬁ occurrence of an entity, A table is
almost egquivalent tofa relational database relation, excepnt
that a table inpli{l that rows and columns have an order {n
the table whieh eon; be used In a positional addressing

schene, ainpo addﬁcsllnq i{s associative in a relation, the

table must {nelude éolunns which represent key vilues ¢to
|
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uniquely identify each row, With this slight modification,
any datua {n a table can be accessed by specifying the nane
of the tadble, the value of the key, and the name of the
attribute containing the datum, Hereafter, the common data
object will Dbe referred to as a relational tehle, Rows of
such tables are usually referred to as "tunles®™ and columns
are referred to as "attriburtes”®”, The assumptions to be made
concerning the relational table {n this thesis are: (1) Pow
or column order {s not siagnificant, (2) All columns are
named and must bhe unique within the table, and (3) Each row
is uniquely {dentifiable by a key value,

In the folloawing sections each logical file type will be
described as a relational table, The attributes of each
table tvpe were salected based unon {ts percefved orimary
use, As such, the get of attributes associated with each
table was determined in order to provide the information
necessary to support that primary aoplication. These tables
are merely special cases of a relational databage table,
Based on their predefinition, their use can be bounded
vithin the primary apelication and therefore can be "tvped®,
To be of a certain tyoe, it {s sufficient that the tabdle
contains the minimum set of attributes necessary for that
specific type as a sudset of its total set of attributes,
(e,0, A given gystem table miaht have tive attributes., Three
of those are the required attributes for a tyovee}

application teble., The remginine two attributes could be the
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required attributes for a type=2 table,) This implies that,
as an {mplementation issue, & single table could be
considered to have multiple tvpes, but for simplicity let us
assyme that a table will have only one type, As
apolications are added to the IASS, the accompanyina minimal
set of attributes must be defined to represent the new tabdble
tvoe, There are many structural organizations vhieh could
reoresent a logicel file tyve, The final decision on the
organization of the table must be made to maximize the use
of the conceptual level operations that are available ¢to
manioulate the data {n the table, These conceptual level
gperations will bhe covered in Chaoter 4, It is {mportant to
note that the table is a structural oraanization used as a
model and therefore problems may arise in expressing the

actual aoplications by the table model.

A, TEXT

Text, as data in a text file, is a "continuous” string
of {ndividual characters from Some character set (e.q,
ASCII), The use of text as data s by character, where each
character is a unit of data used in an aoplication,

Objects such as werds, sentences, lines, ar oaragraphs
are loaical abstractions, hidden {n the text, that are
useful as information only to a human user, Any IASS
manipulation that may alter this hidden logical abstraction
will directly effect the ability of the IASS to ctransfornm
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the data back into information, (e.g. deleting every other
word,) This will reauire the imposition of limitations on
the use of table ooerators on the text table {n order to
protect this logical abstraction, ({.e, operations incavable
of taking into account the lagicel abstraction of text will
not be used,)

The onlyY naturally oceurring data elements in a text
file is the single character, and the entire character
stream, Thelir domain is all the elements in the aprlicable
character set, These two problems, the continuous nature ot
text and 1its discreteness being 1limited to a sinqle
character or the entire file, make the text f{le the most
difeiecult file tyove to model as a relational table, The
table must aquantize the continuous text stream into column
units, thus destrayina the continuyity of the text.
Adaitionally, while the relational table operators recoqnize
the column as being an object, {n fact (it has no natural
occurrence in the text ¢file, Any definition of a column
which represents text objects between the single character
and the entire text file, {s an arbitrary quantization ot
the text stream, Fiqure 3,1 1{llustrates the problem by
arbitrarily cheosing a column sizZe equal to ten characters
(the character "¢" repregents a carriage return and line
geed), TNhis division of the text stream into units, for use

as tuples in a tadle, has no corresponding unit Iin the
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original text ¢ile, and has imposed structural limitations
by the column boundaries,
(a) Text Stream
MR, JOHN SMITHR1349 WILMINGTON DR,OCARSON, CA
{(b) Tunle Representation

MR, JOHN SI

MITHR1349

qunntucron'
on.ocnnsol i

N, CA

;

Figure 3,1 = Text Representation Provlem

This problem of using s "discrete® reoresentation will !
have to be acknowledged and steps taken at the apolicetion P
level to ensure the limitations imposed by the prodlem are %
not vieolated, In determining the size of a text tuple, |
neither the sinale character nor the entire file are
scceptable units to Dbe used in the relational table model
since they would require a larqe amount of processing by the
application 1level to transtoram them into usable units. (The

arqument is similar to memory nanacement questions of oaging
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versus segeentation and hov large each unit should be,) Some
arbitrary size, between the two extremes, will have to be
chosen during implementation, For nov it i{s assumed that the
size 1imit exists,

The text file can be conceptually viewed as a text
table, as in Figure 3,2, The text strean is represented by
the set of rovs {n the table, Each "contents" column {s
densely packed {n that no unused space is le¢t i{n anvy row,
except the very last row {n the table, The text table does
not mateh in any way the perceived "display" of the text
tile, as shown {n Figure 3,1, The display structure (line=
oriented, screen-oriented, or whatever) {s considered an

arplication level issue and will be covered there, Each row

-~
—

in the text ¢table has &8 unique seauence number, *id4", to

mark the relative position of {ts contents {n the text

strean,
.;‘-"
1d contents E
-m !
: 1ine=1 | - §
} I 5
’ line=2 | :
¥ 1 !
: !
g .
1ine=n !
! Lt | ® L

Fiqure 3,2 - Text Table
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Be DATABASE

A relation in a relational database is described as a
table, as shown in Figure 3,3. Relational database tuples

are vepresented ag the rows of a table and the attributes as

the columns. The description of an attribute i{s defined by
the user, and the set of attributes define the modifiadle

structure of the relation table, Chapter 1, Section (C)

e R TG T

covers the concepts behind the relational DRMS {n qreater

A

detail,
i
14 atrel atre=2 atren
N
tuple=y i i § e '
| | | e !
‘ tuole=2 | ! | ! ‘
) ) | S }
| | | |
1 | | o |
tuyple=n | | | '
*_l_ | ~ |
Figqure 3.3 =« Relation Table ‘
a
Co SPREADSHELT k

A spreadegheet is a database used as a numerical model
in a predefined tadbular disolav format, A spreadesheet can

be represented as a collection of entry posgition tuples in a ,é

table, as shown {n Pligure 3.4, Each rowv {in the table

represents &8 single entry position in the spreadegheet, The
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table columns represent the predetermined elements necessary
to describe the entry position, such as the location, value,

and function,

id 1location value function
R

positione=}i § i { ® {
. | ] | -l
position=2 { | | !
‘ ( | i
position=n 1 ] t |
| S | e - ]

Figure 3.4 = Spread Sheet Table

D, FORM

A form is a template throuah which {input and output
values are transmitted, The {nformation stored {in & fornm
database s used to preoare the visual imege of the template
in a user specified format,

The basic subunit of the form i{s called a ™"bdblock"™, and
it represents a basic unit of data for the form, The easiest
wvay to visualize a “"block" (s to consider the Internal
Revenue Service 1040 Tax Form, It (s used as an input fornm,
and each entry has a corresponding numbder to identify it as
8 separate entity, or "block", ECach of these "blocks" has

an @ vogition on the form, an identifying number, & Drompt,

e
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and space for an entry of some type., This means that the
form table must include positional data for the Dblock as
wvell as data to determine how the block i{s to be used for
specific applications,

A tform can be represented as a collection of tuples
contained {in a table, as shown in Figure 3,5, Each row in
the tadble represents a single "block"™ on the form and
contains a description of the "block"., The columns of the
table are the predefined attributes of a block = uniaue 1D,
screen location, promot string, input or outout identifier,
and the functional use of the block, Each table column

represents an element of that descriotion.

i3 location promot i/0 funection
N
block=1 i f | | |
-l ! | | I
block=2 ! I | t '
-l ! | y |
| | ! | ]
-« -
el ! | | ]
block=n ' f { ) }
| SO S ——— — ® 4 ) ——

Fiqure 3,5 = Form Table

The “14" {s a uniaue identifier for the bdloeck and would
be system controlled. "Location®™ gsgpecifies the starting
position tor the "block®™ on the fore. I$ reauired, a

‘orompt® string could dbe included to {ndicate the purnose of

!
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the entry position on the form (e.,3, Name, Address, Number
of exemptions, etc,), The "1/0" field will tell the Form
Generator how to interpret the "function® field, The exact
use of the "i/0" field {s implementation dependent, but some
obvicus entries are "input®, "output”, and "text®, Lastly,
the "function" field will contain a command string for the
bloeck, If it is an input block, then the "functior® field
might contain the location where the user entered value s
to be stored, If it is an output block, it might contain a
query to be made on a database, If it is a text block, it
might contain the name of the text file that 1is to be
inserted in the form. As can be clearly seen, the actual
use of the form table will be verv i{mplementation dependent
and such {ssues will not be directly addressed in this

thesis,

E. ELECTRONIC MAIL

Electronic Mail 4is a preformstted message sent to
another user, Pata contained in a message can be used as
information to determine addressee and subject assoclated
with & ressage, The data {in a messace {3 nanipulated
typically in the course of an editing session or by an
application preogram to output & message to be read by the
recipient, A "meildox”® can contain any number of messages.
Lech message contains a unigue ID number, heading, and body,

The ID sttribute is a uniacue identifier of & nessage in a
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mailbox., The domain of the 1ID attribute (s all unique
{dentifiers as defined in the system. The ID could be local
to a mailbox, or be of a global nature, The body of the
message is textual and its domain is a continuous stream of
characters oOr a reference to a text file, Heading consists
of an originator, recioient, date, and sudject, The
origirator, recipient, and subject are character strings of
some maximum length, The date {s some allovable value as
deterrined bV the date convention used by the system, Each
messaae tuple is a comrplete message beinqg routed from &

sender to a receiver(s),

i4 from to date suby body
mggel ] i | - { |
- | | | e t [
ngge2 | | f 1 | |
oa! | | | ae ! |
| | | ' f l
-l | 1  J— 1 |
ngg=n ! ' | ' ! !
M.é L

Figqure 3,6 = Mailbox Table

The mail file can be representec as a collection of mail
tuples contained In a table, as crawn in Figure 3.6, A
"mailbox” is a table vith the rows reoresenting individual

nessages and the columns representine the predetermined
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forrmat of the message, such as from, to, date, subject, and

main body,

This will end the discussion of representina the logical
file types as a single conceptual data object in the form of
a8 relational table, This chapter has shown that each of the
five 1logical file types can be mapped into a table format
with varying dearees of success, A "secret" that wil. be
possessed by the aonlication level is just how successful
this maooing was, Of the oresently included file types only
the text type has shown signs of major oroblems, However,
similar situations could occur as new applications are added
to the IASS, The solution to the problem is to accomplish at
the aoplication level what cannet be done at the conceptual
level duye to the modellna'limitations. The rext chacoter,

Chaoter 4, will cover the conceptual level operatiocns that

are avajilable to manipulate the common data object tables,
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IV, OPERATIONAL INTERSECTION

A major concept behind the Inteqrated Application
Software System 1is the existence of a common "conceptual
level” that {s used by 8ll the included aoplication
proarams, It {s {important to note that |{(t {s the

application proarams, and not the user, that wi{ll {nterface

with the conceptual level,

"APPLICATION LEVEL"

"CONCEPTUAL LEVEL"

{ PRIMITIVE |
| QPERATIONMS |
| |

| COMMON
‘ DATA

| 0BJECT
!

Figure 4,1 = IASS Conceptual Level,

This conceptual level will manage the data in the common
data object, described in Chaoter 3, A set of primitive, or
basic, operations designed to manipulate the common data
object and enforce integrity constraints will be {ncluded at
this level, Pigure 4,1 illustrates the conceptual level,
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The aspplication packages will call these operations to
perfors desired manipulations at the conceptual level {in
support of the user, The specific aoplication determines
the combination of primitive operations necessary to
retrieve Aata from the data tables in conformance with the
use of the table as a model of the application, Only those
operations that cannot be accomplished at the conceptual
level, due to modelina failures, need be {included in the

aoplication level,

A, BASIC OPERATIONS

The set of table primitive operations (s the source of a
major IASS operational ({ntersection. All apvlications
attached to the IASS can uyse these commands in order to
perform their function. Howevér. as modeling problems will
exist, each aoplication ares may have 1lim{ts that make a
certain ooeration meaningless,

Since the common data object is a relational table, the
natural set of vprimitive operations are the basic table
manipulation operations inherent from relational database
theory, The operations are named: INSERTION, MODIFICATION,
DELETION, ©OROJECTION, SELFCTINN, UNION, SET DIFFERENCE,
CARTESIAN PRODUCT, INTERSECTION, QUQTIENT, JOIN, and NATURAL
JOIN, These operations are set theoretic in thet thelr

operands are tables (sets of tuples) and their results are

41
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tables, This feature of the reletional operators eliminates
the need for any application to be concerned with iteration
control, These operators are divided into two groups, Unary
and Binary, based on the number of operands required,
le nar a
The first five operators are unary operators {n that
they use a single table operand, The operators are
a. Ingertion
Given a relation R, INSERTION adds a new tuple
to R at a specified, or default, location,
b, Moditication
Given a relation R, MODIFICATION changes one, or
more, of the components Oof a tuple, or tuples, in the
relation R,
c. Deletion
Given & relation R, DELETION removes a tuple, or
tuples, from the relation R,
d. Profection
Given a relation R of arity "a®, a PROJECTION ot
R i3 & relation formed by removing some of the components of
R snd/er rearranging some of the remaining components,
e, BSelection
Given a relation R, & SELECTIOR .n R is the set
of tusles {n RN that make true some conditional statement
based on the components of R, The operands of the

conditional statement are constants or the comvonents of R,
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The operations of the conditional statement are the
arithretic comparison operastors -~ less than, egual to,
greater than, less than or equal to, greater than or equal
to, and not equal to = and the logical operators = AND, OR,
and NOT,
2. Binary Table Operators

The seven binary operators will use two tables as
operands, A description of the seven ocerators follows and
gor help in understanding them, some examples will be given,
Por that purpose two "reoresentative relations" are given in

Figure 4,1 for use in each of the degscriptions and examnles,

A B C 2] E H
a b ¢ b a a
d 3 t d a ¢
¢ b d
R
Relation "R" Relation "S8”

figure 4.1 « Initial relationa)l tables,

a. Union
Given two relations, R and 8, the UNION of R and
8§ are those tuoles that are in R, or S, or both, The UNION
operation is denoted by (R U 8), and Pigure 4,2 shovs the
results, B0th tables wmust bde of the same arity, and an

attribute {n the fi{rst table must be matched by the same




1
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attribute in the second table, ({.e, in this case D = A, £
s B, and F = C,)

Tynae

»
o] @
.nnn' (2]

Qos

Pigure 4,2 « Result of (RUY S).

b, Set Difference
Given two relations, R lna 8, the SET DIFFERENCE
of R and S i{s the set of tuples that are in R, but not in S,
SET DIFFEPENCE is denoted (R = S), and Figure 4,3 shows the
results, Both tables must be of the same arity, and an
attribute {in the first table muyst be matched by the same
attribute in the second table, (i.,e, in this case D = A, E

s B, and F = C,)

A B C
a b e
¢ b q

Figure 4,3 =« Result of (R « 8),
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¢, Cartesian Product
Given two relations, R of arity "ai" and 8 of
arity “a2", the CARTESIAN PRODUCT of R and S i{s the set of
tuples ot arity "(at + a2)" vhose first ai components form a
tuple {n R and whose last a2 components form a tuple in S,
CARTESIAN PRODUCT i3 denoted by (R x S), and Figqure 4.4
shows the results, Fach of the resulting attributes of the

CARTESIAN PRONUCT oberation must be unique,

A ] Cc D z r
a b c b -} a
e b e .| a 4
4 8 ¢ -} ] a
d 2 4 4 e £
(o b d b q a
¢ b d 4 ] 4

Figure 4.4 = Result of (R % 8).

d. Intersection

Given two rolations, R and 8, the INTERSECTION
of R and S {s the set of tuples that are {n both R and 8,
not those that only occur in one relation. INTERSECTION s
a shorthand for R =« (R = 8), {s denoted by (RN S), and
Figure 4,3 shows the results, Both tables must be of the
same arity, and an attribute in the £irst table must be
matched by the same attribute in the second table. (i.e. in

this case O = A, € = B, and F 2 C,)
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Figure 4.5 « Result ot (RN 8),

e, Quotient

Given two relations, X of arity "ai" and Y of

S PRy N

arity "s2" where al i{s qreater than 42 and there {s at least
i one tuple {in &, the QUOTIENT of X and Y is the relation of
: arity (al <« a2) composed bys First take the PROJECTION of X
over the first (xi=-k2) comoonents and call the resulting
b relation T; Second, take the CARTESIAN PRODIUCT of T and Y f
. and call the resylting relation U, Lastly, determine the SET

DIFFERENCF between U and X,

A B (o 0 C n
a b ¢ 4 ¢ . |
a b e 4 e ¢
b ¢ e ¢
: e 4 e d Relation Y
) e 4 ) 4 X
e ] 4 e A | <
a b
Relation X ] 4

»

¢ Y)

Figure 4,6 = Result of (X @ Y),




QUOTIENT {s denoted by (X % Y), and Figure 4,6 gives sample
X and Y relations, and the result of (X < Y),
g, Join

Given two relations, R of arity "ai" and Z of
arity "a2", the result of a JOIN would be a relation of
arity (ai + a2) containing those tuvples {n the CARTESIAN
PRODUCT e¢f R and 2 where g component in R stands in some
relation to a component in Z, A JOIN {s denoted by Rl{ﬂ z,
and Figure 4,7 shows a sample relation Z and the results of

4
(R l).tl Z),

D E A B (o »] (A
-] ] a b c b m
d n c b 4 b L]
Relation 2 (R Xt 2)
8aD

Fiqure 4,7 = Result of (R Ixl 2),
B=D -

9. Natural Join
Given two relations, R of arity "ai" and U of
arity "a2" wh<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>